Introduction
Patients who develop respiratory failure and the acute respiratory distress syndrome (ARDS) in the setting of influenza infection are at high risk of morbidity and mortality. While antiviral therapy is an important component of care for these patients, it is not sufficient to ensure a good outcome, and additional measures are necessary. The purpose of this review is to consider the other facets of highquality supportive care in ARDS that are used together with antimicrobial therapy to improve outcomes in these patients.
After discussing how to recognize patients with ARDS, the review addresses the core strategies in ARDS management including supplemental oxygen administration, lung protective ventilation, and use of positive end-expiratory pressure (PEEP) with an emphasis on the physiologic rationale and evidence supporting their use. The review then considers adjunctive measures that have been proposed and studied in the care of patients with ARDS as well as "rescue strategies" that may be employed in those patients with severe, refractory hypoxemia. While considerable attention is focused on these complicated strategies, simple, often overlooked measures may also be of great importance to the patient, so the review concludes by considering other aspects of supportive care including prophylaxis against intensive care unit (ICU) complications and sedation and fluid management strategies that also affect patient outcomes.
(discussed below), although it should be recognized that such interventions are not restricted to patients with ARDS and can be used in other situations to address particular physiologic challenges in a given patient. The criteria for diagnosing ARDS were recently revised and are listed in Table 1 . Referred to as the Berlin Criteria, 1 these criteria refine the original American-European Consensus diagnostic criteria 2 with the major changes being elimination of the distinction between acute lung injury (ALI) and ARDS and designation of three mutually exclusive subgroups of ARDS based on the decrement in the ratio of the arterial partial pressure of oxygen (P a O 2 ) to the fractional concentration of inspired oxygen (F I O 2 ), a marker of the severity of hypoxemia referred to as the P a O 2 /F I O 2 or P/F ratio.
In resource-limited settings, it may not be possible to perform all testing such as echocardiography or arterial blood gas analysis to ensure patients meet each specified criteria. In such situations, it would be prudent to consider any patient with hypoxemia and bilateral opacities on chest radiography as having ARDS unless there is strong clinical suspicion for cardiogenic pulmonary edema or volume overload. The arterial saturation measured by pulse oximetry (S p O 2 ) can be substituted for the P a O 2 to calculate the S p O 2 / F I O 2 ratio, 3 which may be more a feasible method of identifying severely ill patients in these resource-limited environments.
Beyond recognizing when patients have developed ARDS, it is important to recognize patients who may be at risk of this problem, such as a patient intubated for respiratory failure following influenza infection. In such cases, the clinician can take steps to prevent ARDS by avoiding overly large tidal volumes and ensuring patients receive a tidal volume of 8 ml/kg of their predicted body weight. This approach makes good clinical sense in light of the known pathophysiology of ARDS and the known relationship between excessive tidal volumes and lung inflation pressures and ventilator-induced lung injury (discussed below). In addition, a recent meta-analysis 4 suggests that ventilation with tidal volumes of 6-8 ml/kg in patients without ARDS is associated with decreased development of lung injury and decreased mortality when compared with ventilation with tidal volumes of 9-12 ml/ kg, although the conclusions of this analysis are limited to some extent by the heterogeneity of the included studies, particularly with regard to the clinical setting in which mechanical ventilation was used.
Primary physiologic challenges in patients with acute respiratory distress syndrome There are two primary physiologic challenges that the clinician must address in patients with ARDS. The first and most obvious problem is the severe hypoxemia that develops as a result of impairments in gas exchange stemming from collapse of alveoli due to the loss of alveolar surfactant, referred to as atelectasis, and the filling of alveoli with protein-rich edema fluid. As a result of these problems, patients with ARDS have extensive areas of what is referred to as "shunt" physiology in which mixed venous blood bypasses non-functioning alveoli and, as a result, cannot be loaded with oxygen before returning to the arterial circulation. The severity of the gas exchange problems can be quantified using the arterial blood gas to calculate the alveolar-arterial oxygen difference ([A-a]DO 2 , the difference between the alveolar and arterial partial pressures of oxygen) or by measuring the P a O 2 / F I O 2 ratio described above. The larger the (A-a)DO 2 or the lower the P a O 2 / F I O 2 ratio, the worse the patient's gas exchange. Table 2 lists data from the control groups from several major studies of patients with ARDS and illustrates the severity of hypoxemia in these patients. P a O 2 / F I O 2 ratios below 100, as seen in the report by Davies et al. 5 represent very severe gas exchange problems. Another important problem in patients with ARDS is the significant decrease in respiratory system compliance that results from a combination of accumulation of the proteinrich edema fluid in the alveolar and interstitial spaces, and the loss of surfactant and the resultant increase in alveolar surface tension. Because of the decreased compliance, elevated distending pressures are often required to deliver a given tidal volume, which may contribute to ongoing lung injury. The basic management steps discussed below are intended to address both physiologic challenges. The basic steps in acute respiratory distress syndrome management, their physiologic rationale, and supporting evidence
At a minimum, patients with ARDS should receive supplemental oxygen. While this is typically delivered by invasive mechanical ventilation in most settings, in more resourcelimited environments, supplemental oxygen delivered by nasal cannula or face mask may be all that is feasible. Because of the gas exchange problems noted above, high inspired oxygen concentrations are necessary to support oxygenation and patients may be treated using face masks with reservoir bags, often referred to as non-rebreather masks. Depending on the patient's inspiratory flow rates and minute ventilation, however, even this system may not be able to deliver adequately high inspired oxygen concentrations necessary to treat the hypoxemia. High-flow oxygen delivery systems, which deliver 30-40 l/minutes of gas flow to the mask, overcome this problem and more reliably deliver high inspired oxygen concentrations, but these systems are unlikely to be available in resource-limited settings and may still not be sufficient to treat hypoxemia when patients have severe gas exchange abnormalities. For patients placed on invasive mechanical ventilation, two interventions are indicated to address the physiologic challenges noted above. First, to limit the high distending pressures resulting from the low compliance, patients with ARDS should be placed on what is referred to as "lung protective ventilation," in which their tidal volume is decreased to 6 ml/kg of their predicted body weight, a value derived from the patient's gender and height. Second, in an effort to counteract the hypoxemia stemming from alveolar filling and atelectasis, patients should receive PEEP in addition to a high inspired oxygen concentration.
At first glance, it might not make intuitive sense to decrease the volume of lung inflation in a patient having problems with hypoxemia, but there is both a strong physiologic rationale and evidence base to support this practice, as well as the use of PEEP. Figure 1 displays an idealized volume-pressure relationship for the respiratory system during inhalation and exhalation and illustrates the physiologic rationale. The slope of this relationship represents the compliance of the respiratory system, and the goal should be to ventilate patients on the steepest portion of the relationship where smaller pressure changes are necessary to achieve the desired tidal volume. Lowering the tidal volume helps avoid the upper, flat portion of this relationship (denoted by the letter A) where large changes in pressure are necessary to achieve small volume changes. The high distending pressures used in this range can overstretch alveoli and cause ventilator-induced lung injury, thereby worsening the underlying ARDS. Application of PEEP helps avoid the lower, flat portion of this relationship (B) by preventing repetitive opening and closing of the alveoli, which is thought to lead to further lung injury by what is often referred to as "atelectrauma." This benefit can be further appreciated in Figure 2 . Application of PEEP at the level denoted in Panel B leads to higher lung volume at the start of inhalation and therefore less atelectasis compared with when no PEEP is applied in Panel A, and also leads to initiation of inhalation at a steeper, more compliant portion of the volume-pressure relationship.
Beyond this physiologic rationale, there is strong evidence in the literature supporting these practices. After studies in animal models suggested that inappropriate ventilator strategies, in particular high tidal volumes and high distending pressures, caused problems such as increased pulmonary capillary permeability 6 and pulmonary edema, 7 uncontrolled Reported data are from the control groups in each study. IQR, interquartile range. Luks trials demonstrated a benefit from lowering the tidal volume in humans with ARDS. 8 Small randomized studies, however, found conflicting results regarding patient outcomes, 9, 10 prompting initiation of the ARMA trial, a multicenter randomized controlled trial comparing ventilation at 6 ml/ kg or lower to 12 ml/kg of predicted body weight. 11 This landmark study demonstrated improvements in important patient outcomes, as individuals receiving lower tidal volumes (i.e., lung protective ventilation) had significantly lower mortality (31% versus 40%, P = 0Á007) and more ventilator-free days (12 AE 11 versus 10 AE 11; P = 0Á007) than those receiving higher tidal volumes. Given these results, the lower tidal volume approach was incorporated into subsequent major ARDS trials examining additional interventions, with similar or lower mortality rates being reported in these studies than those seen in the intervention group in the ARMA trial. [12] [13] [14] [15] The lung protective ventilation approach outlined in the ARMA trial 11 has since become the standard of care for management of patients with ARDS.
As noted above, it should be recognized that the use of lower tidal volumes, as well as increased PEEP, should not necessarily restricted to only those patients who meet criteria for ARDS, but can also be considered in other situations where it is felt they can address important physiologic problems in a given patient.
Adjusting tidal volume and positive endexpiratory pressure
Rather than being placed on a tidal volume on 6 ml/kg immediately following intubation, which can lead to increased atelectasis and worse hypoxemia, the patient should be stabilized on a normal tidal volume of 8-10 ml/ kg before the tidal volume is decreased in incremental fashion over a period of 4 hours to 6 ml/kg. Based on the approach used in the ARMA study, 11 the goal of decreasing tidal volume is to achieve a target distending, or plateau pressure ≤30 cm H 2 O. If the target plateau pressure is not achieved with the initial tidal volume adjustment, tidal volume is decreased further until this goal is achieved or a minimum tidal volume of 4 ml/kg is reached.
While tidal volume is adjusted to achieve a satisfactory plateau pressure, PEEP can be set in one of several ways. In the control and intervention arm of the ARMA trial, PEEP was adjusted along with F I O 2 in a protocol-directed manner based on the patient's P a O 2 and oxygen saturation (S a O 2 ). In other studies, PEEP has been set based on a target plateau pressure, 15 based on the analysis of the volume-pressure relationship of the respiratory system 16 or based on the esophageal manometry and assessments of transpulmonary pressure. 17 To date, the literature has not established that any of these methods of selecting PEEP are better than the others. Given the ease of the ARMA protocol and the mortality benefit achieved in that study, PEEP adjustment based on the PEEP-F I O 2 protocol used in ARMA is likely the most feasible approach until more data are available. A question also remains as to whether protocols targeting higher average PEEP are more effective than protocols targeting lower PEEP. The ALVEOLI trial 12 , a randomized controlled trial of patients with ALI and ARDS (based on the former American-European Consensus diagnostic criteria), found no differences in outcomes between these two approaches, but a more recent meta-analysis 18 suggested that higher PEEP was associated with improved hospital survival in patients with moderate-severe ARDS. Ventilator modes and adjunctive strategies in acute respiratory distress syndrome
Although there are many ventilator modes that can be employed in the management of patients with respiratory failure, volume assist-control remains the preferred mode for achieving the goals of lung protective ventilation in ARDS. Randomized, controlled trials demonstrating superiority of volume assist control over other modes in the management of ARDS are lacking at this time, but it is the mode used in the majority of major clinical trials in patients with ARDS and was the mode used in the ARMA trial, 11 which, as noted above, showed a clear mortality benefit. The pressure and volume targets of lung protective ventilation can be achieved with other modes such as pressure assist control or pressureregulated volume control, but they have not been adequately studied in ARDS and their use requires adequate understanding of their different operating principles to achieve the goals of lung protective ventilation.
High-frequency oscillatory ventilation is another ventilatory strategy often mentioned in the care of patients with ARDS, 19 in which very low tidal volumes are delivered at a high frequency and higher average mean airway pressure. While there is evidence demonstrating the safety of this approach and improvements in oxygenation, 20 there is no evidence from randomized trials demonstrating mortality benefits over volume assist control, the primary mode used in major ARDS trials. [20] [21] [22] In fact, the most recent of these trials 22 suggested that high-frequency oscillatory ventilation was associated with increased in-hospital mortality when used early in the course of ARDS treatment.
Interest has also been raised as to whether non-invasive modalities such as continuous positive airway pressure (CPAP) and non-invasive positive pressure ventilation (NIPPV) offer a viable alternative to invasive mechanical ventilation in ARDS. Although these modalities are of benefit in patients presenting with severe exacerbations of chronic obstructive pulmonary disease 23 or cardiogenic pulmonary edema, 24 there is no evidence to suggest they are of benefit in ARDS. No trials have compared these modalities to invasive mechanical ventilation, and the only evidence at present is studies such as that by Ferrer et al. 25 in which NIPPV is compared with supplemental oxygen by face mask alone. In this particular trial, NIPPV was associated with decreased need for intubation compared with oxygen by face mask in the overall study population, but among patients with ARDS, there were no differences in outcomes. Clinical reports from the 2009 pandemic indicate that NIPPV was attempted in patients with respiratory failure due to influenza, but most of the patients subsequently received invasive mechanical ventilation as their clinical status declined. 26 Given the lack of data, there is no established role for non-invasive modalities in the management of hypoxemic respiratory failure due to ARDS. Their use should only be considered in patients with mild disease (P a O 2 /F I O 2 > 200 and no other organ dysfunction) and immunocompromised patients, provided the center is experienced in their application and careful patient monitoring can be ensured. 27 While there is a dearth of studies regarding non-invasive ventilatory support, multiple studies have sought to determine whether various adjunctive therapies might be of benefit beyond the basic strategies of lung protective ventilation and PEEP application described above. Intravenous corticosteroids, 13 inhaled beta-agonists, 28 exogenous surfactant, 29 and omega-3 fatty acids 30 have all been studied in multicenter randomized trials, but none of these have been shown to improve patient outcomes, and they are not part of standard management protocols. Recent attention has also focused on the potential role of HMG-CoA reductase inhibitors, 31, 32 but these have yet to be proven of benefit in large, prospective multicenter trials and are also not part of standard management. None of these studies have specifically examined outcomes in ARDS due to influenza or other respiratory viruses.
Rescue strategies for refractory hypoxemia
Increased inspired oxygen concentrations and PEEP are sufficient to support oxygenation in the majority of patients with ARDS. A select minority, however, have profound hypoxemia that is refractory to standard treatment and may be treated at the discretion of the clinician with one of several "rescue" strategies including ventilation in the prone position, inhaled vasodilators, neuromuscular blockade, recruitment strategies, and extracorporeal membrane oxygenation (ECMO). These strategies, which have been reviewed in detail elsewhere, 33 are each considered briefly below.
Before discussing these interventions, it is important to recognize that their application is complicated by the fact that there is no clear definition of what constitutes "refractory hypoxemia" in the literature. In its broadest sense, the term refers to hypoxemia that persists despite application of high inspired oxygen concentrations and high levels of PEEP, but there are no agreed upon thresholds for P a O 2 , F I O 2, or PEEP in order to make this designation. The Berlin Definition described above provides a simple, useful tool for classifying the severity of ARDS, particularly for enrollment in clinical trials, but even that definition may not adequately define the need for implementation of a rescue strategy. A P a O 2 /F I O 2 ratio of 100, for example, may be relatively well tolerated in a 25-year-old patient with no other comorbidities, whereas in an older individual with multiorgan failure or multiple comorbidities, a similar or even higher P a O 2 /F I O 2 may be problematic and warrant implementation of a rescue strategy. As a result of the lack of consensus in this area, as well as a lack of clear guidance in the literature regarding when and in what order to implement the various strategies, their application remains highly physician dependent and institution dependent, an important problem when one considers the expense and potential risk associated with some of them.
Prone mechanical ventilation
Many patients with ARDS develop significant atelectasis in the dependent regions of the lungs, which contributes to shunt physiology and hypoxemia. Ventilation in the prone position has been proposed as a way to reverse this problem and improve ventilation-perfusion matching, which in turn improves gas exchange. Other purported benefits include improvements in secretion clearance, increased end-expiratory volume, and decreased mechanical compression of the lungs by the heart. Multiple studies have shown that the technique improves oxygenation, but there are still no data that it improves mortality. [34] [35] [36] . One limitation of these studies was that their patient populations included patients with ARDS with a broad range of P a O 2 /F I O 2 ratios including many patients who would not be considered to have refractory hypoxemia. Whether the technique would yield improved mortality if used only in those with the most severe hypoxemia remains unclear. Other limitations of these studies include the fact that patients in many of these trials were not ventilated according to standardized protocols and did not receive the intervention until later in their disease course or for long enough duration. Drawing on these concerns with earlier trials, Taccone et al. 37 conducted a randomized trial of prone positioning initiated early in the hospital course for up to 20 hours per day. As with the earlier trials, they found improvements in oxygenation, but no mortality benefit. No differences were seen in pre-specified subgroups of patients with moderate (P a O 2 /F I O 2 < 200) and severe hypoxemia (P a O 2 /F I O 2 < 100), although there was a non-significant trend toward improvement in the latter group.
The fact that a mortality benefit has not been demonstrated to date is a particularly important limitation of this strategy, particular when one considers the cost of the intervention when specialized beds are used to put patients in the prone position, as well as logistical issues such as the time and labor intensiveness of the strategy, loss of easy access to catheters and indwelling devices, and increased risk of pressure sores and aspiration. Many of the practical considerations necessary to place and maintain patients in the prone position have been reviewed elsewhere. 38 
Recruitment maneuvers
Recruitment maneuvers involve intentional, short-term use of high transpulmonary pressures in an effort to reverse atelectasis and increase end-expiratory lung volume. This theoretically improves gas exchange and prevents ventilatorinduced lung injury by avoiding the repetitive opening and closing of collapsed, or atelectatic, alveolar units. A variety of strategies have been proposed including sustained inflation at increased pressure (e.g., 30-45 cm H 2 O) for periods of 20-30 seconds, 39, 40 transient high levels of pressure control ventilation, 41 intermittent sighs at high distending pressures, 42 and incremental increases in PEEP over a period of several minutes. 43 The various techniques have not been shown to improve mortality, but may lead to decreased use of other rescue strategies. 44 These strategies do, on average, improve oxygenation, but the observed improvements in oxygenation are not sustained unless increased PEEP is applied after the maneuvers are completed. Data from a systematic review 45 demonstrate that transient hypotension and desaturation are the most common complications, occurring in 12% and 8% of cases, respectively, while more serious adverse events, such as barotrauma and arrhythmia, occur in only 1% of patients treated with these maneuvers. No studies have compared the different types of recruitment maneuvers with each other, and as a result, we lack information about their relative effects on oxygenation or the sustainability of any observed improvements.
Inhaled vasodilators
Regional matching of ventilation and perfusion, one of the primary factors affecting gas exchange, is significantly altered in patients with ARDS due to atelectasis as well as extensive alveolar filling with edema fluid. When administered by the inhaled route, pulmonary vasodilators such as nitric oxide and prostacyclin cause localized vasodilation in well-ventilated lung units, leading to increased perfusion of these units and, as a result, improvements in the ventilation-perfusion matching and arterial oxygenation. 46 The available data demonstrate that administration of inhaled nitric oxide improves oxygenation, although this improvement is transient, not associated with decreased patient mortality or time spent on mechanical ventilation, and may even increase the risk of renal dysfunction 47, 48 Fewer studies have examined inhaled prostacyclin, but the general trend in the data is the same: improvements in oxygenation, but no documented improvements in mortality. 49, 50 Given the lack of mortality benefit, the potential for renal toxicity, and the extremely high acquisition costs of inhaled nitric oxide, it should not be used on a routine basis and should be reserved for patients refractory to other interventions. Inhaled prostacyclin is less expensive, but does require time on the part of the pharmacist and, where available, the respiratory therapist to set up a system to nebulize the medication. As a result, implementation takes longer than for inhaled nitric oxide, which is delivered via a specialized delivery system that is easily placed in line with the ventilator circuit. Neither therapy is likely to be available in resource-limited settings.
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Neuromuscular blockade
Neuromuscular blockade has two potential benefits in refractory hypoxemia: improvements in patient-ventilator synchrony and elimination of muscle activity and the associated oxygen consumption, which can be problematic in the face of limited oxygen supply. Anecdotal accounts suggested that this intervention was employed frequently in the management of severely hypoxemic patients but, until recently, there was little evidence supporting this practice. This changed when Papazian et al. 51 reported the results of a multicenter trial investigating whether continuous infusion of cis-atracurium was associated with improved outcomes. Patients with ARDS receiving lung protective ventilation and with P a O 2 /F I O 2 ratios < 150 were randomized to receive either placebo or a 48-hour infusion of cis-atracurium in addition to other rescue therapies, including prone ventilation and inhaled vasodilators, which could be initiated at the discretion of the treating physician. The hazard ratio for death was lower in the cis-atracurium group (0Á68, 95% CI 0Á48-0Á98, P = 0Á04) compared with the placebo group, and importantly, there was no difference in the incidence of ICUacquired paresis between the two groups, a major concern surrounding the use of neuromuscular blocking agents. Questions do remain about the intervention due to the lack of a well-established mechanism accounting for the observed outcomes and about whether a similar benefit would be observed with other, less expensive agents such as vecuronium. Nevertheless, with the established mortality benefit in this trial, neuromuscular blockade may move out of the category of "rescue" strategies and be considered as an accepted early intervention for severe ARDS, particularly in patients with significant patient-ventilator dysynchrony.
Extracorporeal membrane oxygenation
Extracorporeal membrane oxygenation gained considerable attention following the 2009 H1N1 influenza pandemic after several studies documented low mortality rates in patients 5, 52, 53 with severe hypoxemic respiratory failure treated with this modality. None of these studies were prospective controlled trials, however, a fact that limits the conclusions that can be drawn from their results. The only study to examine the utility of this modality in a randomized, controlled manner was the CESAR trial, 54 in which patients with severe hypoxemic respiratory failure were randomized to continue receiving standard ventilatory support and other rescue modalities at their original hospital or be transferred to a single center to be evaluated for treatment with ECMO. Mortality in the group transferred to the ECMO center was improved relative to the control arm but, importantly, only 75% of those referred to this center were actually started on ECMO. Management practices also varied significantly across the centers providing conventional management, as the study administrators were unable to implement a standardized protocol for conventional management across all participating centers. Given these issues, rather than establishing that ECMO improves mortality, what this trial really established was that transferring patients with ARDS to a center with high levels of experience treating severe respiratory failure is associated with better patient outcomes. The CESAR trial was conducted before the 2009 pandemic and as a result did not include patients with pandemic H1N1 influenza. Pham et al. 55 however, have recently reported the results of a cohort study of ECMO use in such patients. Using propensity score analysis to match a prospectively collected cohort of patients with pandemic H1N1 influenza treated with ECMO with similar patients who did not receive ECMO, they found no mortality benefit associated with this intervention. Viewed together with the issues noted above regarding the CESAR trial, this study suggests that while experience with ECMO is increasing over time, further evidence is needed before it should be widely adopted in patients with severe ARDS.
Simple but often overlooked interventions that impact patient outcomes
Amid concern about severe hypoxemia and discussions about implementation of rescue strategies, it is easy to lose sight of simpler measures that may also affect patient outcomes.
Prophylaxis against complications of care in the intensive care unit
Many patients who die from ARDS die not from hypoxemia but, instead, as a result of complications that develop during the course of their ICU stay, including catheter-related blood stream infections, catheter-associated urinary tract infections, venous thromboembolism, ventilator-associated pneumonia, and gastrointestinal bleeding. For these reasons, it is important to institute appropriate prophylactic measures to decrease the risk of these problems. All central venous catheters (CVCs) should be placed with full barrier precautions, and daily assessment made of whether CVCs and urinary catheters can be safely removed. Patients should be placed on prophylaxis against deep venous thrombosis based on published guidelines, 56 while patients receiving mechanical ventilation should undergo daily chlorhexidine oral decontamination 57 and be ventilated with the head of their bed elevated >30 degrees, a measure shown to decrease the risk of ventilator-associated pneumonia. 58 Evidence suggests that use of checklists can increase adherence to these measures. 59 
Sedation practices
While sedatives and analgesics are usually necessary in mechanically ventilated patients for ensuring patient safety and decreasing pain and anxiety, inappropriate use of these therapies can provoke delirium, oversedation, and other problems that delay liberation from mechanical ventilation and transfer out of the ICU. To reduce the risk of such problems, pain and sedation management in patients with ARDS should rely on target-based sedation protocols 60 and include daily interruption of sedation 61 and, when feasible, paired interruptions of sedation and spontaneous breathing trials, 62 interventions that have been associated in randomized trials with improved outcomes such as reduced sedative exposure, decreased time on mechanical ventilation, and decreased length of ICU and hospital stay.
Fluid management
One factor that often delays separation of the patient from the ventilator as they recover from ARDS is excessive administration of fluids throughout their ICU stay, as the volume-overloaded patient may have impaired gas exchange and decreased compliance that make it difficult for them to pass spontaneous breathing trials. Once the patient is beyond the early, resuscitative phase of their illness, efforts should be made to decrease the amount of volume administered and maintain an even balance between the volume of fluid administered to and eliminated from the patient, referred to as "euvolemia". The benefits of this approach were demonstrated in the Fluid and Catheter Treatment Trial (FACTT) 63 in which patients with ARDS were randomized to a liberal fluid strategy or a more conservative approach that targeted a net even fluid balance over a 7-day period. There were no differences in 60-day mortality between the two groups, but the conservative approach was associated with improved gas exchange and shorter duration of mechanical ventilation without increasing the incidence of acute kidney injury or other non-pulmonary organ failures. While the protocol used in this study is complicated and difficult to implement in more resource-limited settings, it is reasonable to expect that more general approaches targeting euvolemia, rather than strict adherence to the FACTT protocol, may still be of benefit.
The optimal fluid management during the resuscitative phase of ARDS has not been established. Data from trials of sepsis management that do not focus solely on patients with ARDS suggest that crystalloid administration is preferred to starch-based colloid administration, as the latter may be associated with increased incidence of acute kidney injury requiring renal replacement therapy as well as possibly increased mortality.
64,65
Summary
While patients who develop ARDS following influenza infection are at high risk of morbidity and mortality, adherence to certain evidence-based practices can decrease the likelihood of adverse outcomes. Any patient receiving mechanical ventilation recognized to have ARDS should be started on lung protective ventilation, in which the tidal volume is decreased to ≤6 ml/kg of their ideal body weight to achieve a target plateau pressure of ≤30 cm H 2 O. Increased inspired oxygen concentrations and PEEP should be applied to reverse hypoxemia. Volume assist-control remains the primary ventilator mode used to achieve these targets in major trials of patients with ARDS, and there is no evidence to support the use of the noninvasive modalities, CPAP or NIPPV, in the care of these patients. Rescue strategies such as prone ventilation, inhaled vasodilators, recruitment maneuvers, and ECMO may be necessary in cases of refractory hypoxemia, but application of these techniques remains challenging due to a lack of consensus on when and how to implement them. There is now evidence to support the early use of neuromuscular blockade in cases of severe ARDS, and the therapy is now being used more commonly in standard practice rather than solely as a rescue strategy. As important as these interventions may be, the clinician should not lose focus of simpler measures, such as prophylaxis against ICU complications, conservative fluid management strategies, and appropriate sedation strategies that may have an equally large effect on patient outcomes as the more complicated interventions.
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